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(54) DRAM trench capacitor 

(57) The present invention relates to a process of 
fabricating semiconductor memory structures, particu- 
larly deep trench semiconductor memory devices 
wherein a temperature sensitive high dielectric constant 
material is incorporated into the storage node of the 
capacitor. Specifically, the present invention describes a 
process for forming deep trench storage capacitors 
after high temperature shallow trench isolation and gate 



conductor processing. This process allows for the incor- 
poration of a temperature sensitive high dielectric con- 
stant material into the capacitor structure without 
causing decomposition of that material. Furthermore, 
the process of the present invention limits the extent of 
the buried- strap outdiffusion, thus improving the electri- 
cal characteristics of the array MOSFET. 
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Description 

Field of the Invention 

[0001 ] The present invention relates to a semiconduc- 
tor memory device, and in particular to a deep trench 
dynamic random access memory (DRAM) capacitor 
structure wherein a temperature sensitive high dielectric 
constant material is used and is incorporated into the 
storage node of the DRAM trench capacitor. 

Background of the Invention 

[0002] In dynamic random access memory (DRAM) 
cell manufacturing, a key issue is the size of the overall 
cell. As the integration densities increase, it is desirable 
in the semiconductor industry to decrease the storage 
capacitor size while maintaining the charge storage 
capacity. One approach to this problem in the prior art is 
to utilize a deep trench capacitor. Such capacitor struc- 
tures have reduced surface space while maintaining the 
charge storage capacity of the capacitor. 
[0003] One problem associated with the formation of 
deep trench capacitors for semiconductor memory cells 
such as DRAMs is how to incorporate temperature sen- 
sitive high dielectric constant materials such as barium 
strontium titanium oxide (BSTO) into the storage node 
of the DRAM capacitor device. 
[0004] Another problem associated with the formation 
of deep trench storage capacitors is the effect of the 
buried-strap outdiffusion on the array MOSFET electri- 
cal characteristics. Presently, DRAM technology falls 
into two main categories, use of stacked capacitor stor- 
age elements and use of deep trench storage capaci- 
tors. Each approach has certain advantages and 
disadvantages relative to each other. For example, deep 
trench technology results in improved planarization of 
the various layers of the structure which facilitates the 
ultra-fine lithographic and etching processes required 
for todays DRAMs. 

[0005] Fig. 1 is a cross-sectional diagram showing the 
structure of a prior art DRAM cell 61 having a trench 
storage capacitor 60 and an array MOSFET 62. The 
DRAM cell 61 occupies an area of about 7F 2 of the sur- 
face area of the DRAM IC, F being the minimum feature 
size which is photolithographically defined for features 
on the IC. The DRAM cell 61 is characterized by a 
design dimension 63 which is defined as the lateral dis- 
tance between the near edge 64 of the trench storage 
capacitor 60 and the far edge 66 of the gate conductor 
68. In an existing 7F 2 DRAM cell design, this dimension 
63 is designed to have a value of nominally 1 .5 F, with 
the width of the gate conductor being 1.0 F and the 
nominal (designed) distance between the near edge of 
the gate conductor and the trench storage capacitor 60 
being 0.5 F. 

[0006] The most widely used trench storage DRAM 
technology utilizes a buried-strap (see Fig. 1) to form 
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the connection between the array MOSFET and the 
storage capacitor 60. The buried-strap has a diffusion 
associated with it which exiends vertically and laterally 
away from the interfacial opening between the trench 

5 storage capacitor 60 and the silicon substrate (see Fig. 
1 ). The diffusion is formed by the outdiffusion of dopants 
(i.e. arsenic) from the N+ polysilicon in the storage 
trench into the adjacent single crystal silicon substrate. 
The depth and lateral extent of this buried- strap outdif- 

10 fusion is highly detrimental to the scalability of the array 
MOSFET. 

[0007] In past DRAM generations, when the state of 
the art minimum feature size, F, was larger than approx- 
imately 0.5 jim, the presence of the buried-strap outdif- 

75 fusion did not pose much of an electrical problem for the 
array MOSFET. However, with present day DRAM 
designs approaching minimum feature size equal to 
0.15 urn, and the typical buried-strap outdiffusion dis- 
tance being greater than 50 nm from the interface 

20 between the N+ polysilicon in the deep trench, it is likely 
that the buried-strap outdiffused junction may extend 
under the gate conductor (wordline). This is likely to 
occur since, in addition to the large outdiffusion relative 
to the dimension 63, there is significant misalignment 

25 tolerance between the gate conductor and the deep 
storage trench. As shown in Fig. 1 , the encroachment of 
the buried-strap outdiffusion upon the array MOSFET is 
characterized by the parameter 5, which is the distance 
between the bitline (BL) diffusion and the buried-strap 

30 (BS) outdiffusion, expressed as a percentage of the 
trench edge to gate conductor edge dimension 63. 
[0008] Fig. 2 illustrates how the device off-current 
increases with decreasing 5. To assure that the off-cur- 
rent objective is met under all circumstances, the chan- 

35 nel doping of the MOSFET must be raised. However, 
increased channel doping results in increased junction 
leakage and degraded device performance, thus 
degrading data retention time. Therefore, it is highly 
desirable to make the value of as large as 5 possible to 

40 minimize these deleterious effects. 

[0009] The distance between the bitline diffusion and 
the buried-strap diffusion is determined by the layout 
groundules, process tolerances (overlay and feature 
size) and the amount of buried-strap outdiffusion from 

45 the trench storage capacitor. This critical distance is 
illustrated by the parameter 5 in the prior art deep trench 
DRAM cell shown in Fig. 1 . The amount of buried- strap 
outdiffusion is principally determined by the thermal 
budget that the buried-strap encounters in the course of 

so the chip fabrication process. The thermal budget is a 
function of the square root of the sum of the products of 
the diffusivity, D, of the strap dopant impurity and the 
effective amount of time spent at each high temperature 
step which contributes significantly to the diffusion. 

55 [0010] For prior art deep trench storage capacitor 
DRAM cells, the high temperature processing steps 
which contribute to the strap outdiffusion from the stor- 
age capacitor polysilicon typically consist of STI oxida- 



2 



EP 0 987 765 A2 



tion, ST1 densification, gate sacrificial oxidation, transfer 
gate oxidation, gate conductor sidewali oxidation, and 
junction anneals. The combined thermal budget of 
these high-temperature processes results in an arsenic 
outdiffusion from the storage trench poly into the silicon 5 
substrate which typically ranges from 50 to 100 nm. 
This means that for high-density trench DRAM cell 
designs having a minimum feature size of 0.15 ^m, the 
distance 8 typically ranges from 0.08 to 0.13 um; 5 typi- 
cally ranges from 35% to 60% of the design distance 
between the storage trench edge and the far edge of the 
gate conductor, for prior art DRAM ceils having a layout 
area of 7 minimum features squared (7F 2 ) per bit and a 
minimum feature size, F, equal to 0.15 nm. As seen from 
Fig. 2, the off-current can vary by more than 100x over 
this range of variation in 5. 

[0011] In a possible fabrication approach, a deep 
trench is first formed in a semiconductor substrate or 
wafer and then the deep trench is filled with a tempera- 
ture sensitive high dielectric constant material. After fill- 
ing the deep trench with the temperature sensitive high 
dielectric constant material, shallow trench isolation 
(STI) regions and gate conductor (GC) stacks are typi- 
cally formed. A problem with such an approach is that 
the high temperatures used in fabricating the STI 
regions and the GC stacks adversely affect the temper- 
ature sensitive high dielectric constant material used in 
filling the deep trench and contribute to the buried-strap 
outdiffusion. Specifically, the length of time at the high 
processing temperatures employed in fabricating the 
STI regions and the GC stacks cause decomposition of 
the temperature sensitive high dielectric constant mate- 
rial and add to the thermal budget of the strap outdiffu- 
sion. The high dielectric material and its by-products 
thus formed may diffuse and interact with the underlying 
semiconductor material. 

[0012] To avoid this problem of capacitor insulator 
degradation, the prior art in stacked capacitor DRAM 
technology utilizes a thin electrically conductive barrier 
layer comprising a material such as TiN, TiAIN, TaSiN 
and CoSi between the temperature sensitive high die- 
lectric constant material and the semiconductor mate- 
rial, e.g. silicon. The presence of such a barrier layer in 
semiconductor memory devices, while prohibiting oxy- 
gen diffusion from occurring, adds additional process- 
ing steps and costs to the overall semiconductor 
memory device manufacturing process. 
[001 3] On top of this conductive barrier layer, the prior 
art in stacked capacitor DRAM technology typically 
deposits a thin layer of a conductive material so as to 
form a bottom electrode. This conducting layer, in the 
case of high dielectric constant capacitors, is composed 
of conductive oxides such as Ru0 2 , SrRu03, La-Sr-Co- 
O and Ir0 2 , or by metals like Pt or Ir. One advantage of 
SrRu03 is that it can be directly deposited on silicon 
with minimum or no oxidation underneath. A high die- 
lectric constant material can then be deposited on top of 
the electrode layer to a desired thickness. 



[0014] Finally, for the top electrodes, material similar 
to the bottom electrode is typically selected. If it is 
desired to use a polysilicon or amorphous silicon over- 
layer, a thin layer of a barrier material, as discussed 
above, can be deposited to prevent undesirable reac- 
tions between silicon and the electrode material before 
chemical vapor deposition (LPCVD) of amorphous/poly- 
silicon. 

[0015] in view of the drawbacks mentioned with prior 
DRAM stacked capacitor structures in using tempera- 
ture sensitive high dielectric constant material, it would 
be beneficial if a new and improved process of fabricat- 
ing a trench DRAM capacitor structure having a temper- 
ature sensitive high dielectric constant material 
incorporated into the storage node of the DRAM capac- 
itor structure was developed which overcomes all of 
these drawbacks. 

[001 6] It should also be mentioned that in the process 
embodiment of the present invention, the buried-strap 
outdiffusion from the trench storage capacitor does not 
encounter the STI liner oxidation, sacrificial oxidation 
and gate oxidation steps. This limits the thermal budget 
and the amount of buried-strap outdiffusion. In prior art 
processes, the buried-strap diffuses further due to the 
inclusion of the three oxidation steps mentioned above. 

Summary of the Invention 

[0017] One object of the present invention is to pro- 
vide a process of fabricating a trench capacitor semi- 
conductor memory device which allows for the easy 
incorporation of a temperature sensitive high dielectric 
constant materia! into the capacitor region of the device. 
[0018] Another object of the present invention is to 
provide a process of fabricating a trench capacitor sem- 
iconductor memory device wherein the storage node 
material, i.e. temperature sensitive high dielectric con- 
stant material, does not degrade during the course of 
providing the STI regions and the GC stack regions of 
the memory device. 

[001 9] A still further aspect of the present invention is 
to provide a process of fabricating a trench capacitor 
semiconductor memory cell device wherein the temper- 
ature sensitive high dielectric constant material does 
not diffuse into the underlying semiconductor material. 
[0020] Yet another object of the present invention is to 
provide a process which results in a limited buried-strap 
outdiffusion, whose deleterious electrical effects on the 
array MOSFET are reduced from the prior art. 
[0021 ] These as well as other objects and advantages 
can be achieved in the present invention by forming the 
storage trench after formation of the STI regions in a 
semiconductor structure which contains preformed lay- 
ers of a partial GC stack already on the surface of the 
structure. By fabricating the trench capacitor after STI 
formation, the temperature sensitive high dielectric con- 
stant material does not encounter the high tempera- 
tures associated with STI formation. Moreover, since 
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the initial structure contains a partial GC stack already 
on the surface, the temperature sensitive high dielectric 
constant material does not encounter high tempera- 
tures that are associated with fabricating the GC stack; 
therefore substantially no degradation of the tempera- 
ture sensitive material is caused to occur. 
[0022] Specifically, the process of the present inven- 
tion comprises the steps of: 

(a) providing a semiconductor structure comprising 
a semiconductor substrate or wafer having at least 
one trench storage region and a raised shallow 
trench isolation (STI) region adjacent to said trench 
storage region, said structure having preformed lay- 
ers of a partial gate conductor stack formed on said 
substrate or wafer which are spaced apart by said 
trench storage region and said raised STI region; 

(b) forming a bottom electrode in said trench stor- 
age region; 

(c) forming a temperature sensitive high dielectric 
constant material on said bottom electrode and lin- 
ing sidewalls of said trench storage region; 

(d) forming a top electrode over said temperature 
sensitive high dielectric constant material; 

(e) filling said trench with polysilicon; 

». 

(f) completing fabrication of a capacitor in said 
trench storage region; 

(g) forming a patterned gate conductor region from 
said preformed GC stack layers; and 

(h) forming subsequent device connections so as to 
complete fabrication of a trench capacitor semicon- 
ductor memory cell. 

[0023] In a highly preferred embodiment of the 
present invention, the trench storage region is formed 
after STI formation and formation of the partial GC stack 
layers. In another highly preferred embodiment of the 
present invention, a conducting barrier layer is formed 
over the top electrode prior to the polysilicon fill. 
[0024] In accordance with the present invention, the 
formation of the trench storage capacitor follows the for- 
mation of the STI. This means that the prior art high- 
temperature processing steps which include STI oxida- 
tion, STI densification, gate sacrificial oxidation, and 
transfer gate oxidation are not seen by the buried-strap 
outdiffusion. Elimination of these high temperature 
steps from the thermal budget of the strap outdiffusion 
typically results in a reduction of thermal budget of 
greater than 50%. This reduction of thermal budget 
translates into a reduction of strap outdiffusion which is 
typically greater than 30% of the outd iff used distance 



w 



15 



30 



which results from the prior art process. This reduction 
in strap outdiffusion, which is typically less than 50 nm, 
results in a substantial increase in the parameter 5, 
which results in reduced off-current for a given channel 
doping concentration, in the present invention 8 is 
always greater than that of the prior art structures. For 
the inventive structure, 5 is typically 50% to greater than 
75% of the design distance between the storage trench 
edge and the far edge of the gate conductor, for a 7F 2 
cell with F=0.15 urn. Because of the high sensitivity of 
the MOSFET off-current to 8, the inventive structure 
represents a significant improvement over the prior art, 
whose 8 ranges from 35% to 60% of the design dis- 
tance. 

Brief Description of the Drawings 
[0025] 



20 Fig. 1 



25 



Fig. 2 



Figs. 3(a)-(l) 



35 Figs. 4(a)-(d) 



is a cross-sectional view of a prior art 
trench storage DRAM structure. 

is a graph of modeled sensitivity of 
device off-current to distance outdif- 
fusion and bitline diffusion, d. 

show various processing steps that 
are employed in the present invention 
in fabricating a trench capacitor sem- 
iconductor memory device having a 
temperature sensitive high dielectric 
constant material incorporated into 
the storage node of the capacitor. 

show various processing steps that 
are employed in fabricating the semi- 
conductor structure illustrated in Fig. 
3(a). 



40 Detailed Description of the Invention 

[0026] The present invention, which provides a proc- 
ess of fabricating a trench capacitor semiconductor 
memory device having a temperature sensitive high die- 

45 lectric material incorporated into the storage node of the 
capacitor, will now be described in greater detail by 
referring to the drawings that accompanying this appli- 
cation. It is noted that in the various drawings like ele- 
ments or components are referred to be like and 

so corresponding reference numerals. Before describing 
the process of the present invention it is again empha- 
sized that the process of the present invention over- 
comes the drawbacks in prior art deep trench 
semiconductor memory cells by forming the trench stor- 

55 age region after the STI regions and preformed layers of 
a GC stack are formed. By forming the storage trench 
after high temperature STI and GC processing, the tem- 
perature sensitive high dielectric constant material 
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formed in the storage trench of the memory cell does 
not degrade and thus it does not interact by diffusion 
with the underlying semiconductor material. 
[0027] Furthermore, in the present invention the bur- 
ied-strap outdiffusion does not see several high temper- s 
ature processing steps which contribute to large buried- 
strap outdiffusion in the prior art. Thus, the lateral outdif- 
fusion of the buried-strap formed in the present inven- 
tion is significantly reduced as compared with prior art 
memory cell structures. 

[0028] With this in mind, attention is directed to Fig. 
3(a) which shows an initial semiconductor structure 
which is employed in step (a) of the present invention. 
Specifically, the semiconductor structure shown in Fig. 3 
(a) comprises a semiconductor substrate or wafer 1 0 
having at least one storage trench region 12 and a 
raised shallow trench isolation (STI) region 14 adjacent 
to storage trench region 12 formed therein. The struc- 
ture further comprises preformed layers 16 of a partial 
gate conductor stack formed thereon which are spaced 
apart by storage trench region 12 and raised STI region 
14. 

[0029] Semiconductor substrate or wafer 10 is com- 
posed of any semiconducting material including, but not 
limited to: Si, Ge, SiGe, GaAs, InAs, InP and all other 
lll/V compounds. Of these semiconducting material, it is 
preferred that semiconductor substrate or wafer 10 be 
composed of Si. The semiconductor substrate or wafer 
may be of the p-type or the n-type depending on the 
type of semiconductor memory device being manufac- 
tured. 

[0030] The preformed layers of the partial gate con- 
ductor shown in Fig. 3(a) are composed of a bottom 
gate oxide layer 16a such as Si0 2 , a middle layer of 
polysilicon 16b and a top polish stop layer 16c such as 
Si 3 N 4 . The layers are formed sequentially on the sur- 
face of the semiconductor substrate or wafer starting 
with layer 1 6a, then 1 6b and finally 1 6c. 
[0031] The structure shown in Fig. 3(a) is fabricated 
using conventional techniques well known to those 
skilled in the art. For example, the structure shown in 
Fig. 3(a) can be fabricated as is shown in Figs. 4(a)-(d). 
Specifically, as is shown in Fig. 4(a), a semiconductor 
substrate or wafer 1 0 is first provided and gate oxide 
layer 16a is grown on the surface of semiconductor sub- 
strate or wafer 10 using conventional thermal growing 
techniques well known to those skilled in the art. This 
includes heating the semiconductor substrate or wafer 
in an oxygen ambient at a temperature of from about 
800° to about 1 100°C until a gate oxide having a thick- 
ness of from about 4 to about 10 nm is formed on the 
surface of the semiconductor substrate or wafer. 
[0032] Next, a layer of polysilicon 1 6b is formed on the 
surface of gate oxide 16a using standard deposition 
techniques well known to those skilled in the art. Suita- 
ble deposition processes that may be employed in form- 
ing polysilicon layer 16b include, but are not limited to: 
chemical vapor deposition, plasma vapor deposition, 



low pressure chemical vapor deposition, high density 
chemical vapor deposition and other like deposition 
processes. The thickness of the polysilicon layer formed 
is typically in the range of from about 10 to about 500 
nm. 

[0033] Polish stop 16c is then formed on polysilicon 
layer 1 6b using standard deposition techniques, includ- 
ing those mentioned above, that are well known to those 
skilled in the art. The polish stop is composed of a con- 
ventional material such as Si 3 N 4 which resists erosion 
during subsequent planarization and etching steps. The 
thickness of the polish stop layer formed is typically of 
from about 10 to about 500 nm. 
[0034] The next step in forming the structure of Fig. 
3(a) is illustrated in Fig. 4(b). Specifically, Fig. 4(b) 
shows a structure which contains a trench 14a which is 
formed in layers 16a, 16b, and 16c as well as the sur- 
face of semiconductor substrate or wafer 10. It is noted 
that trench 14a is used in forming STI region 14. The 
structure of Fig. 4(b) is fabricated using standard lithog- 
raphy, etching and planarization, all of which are well 
known to those skilled in the art. 
[0035] Specifically, the structure shown in Fig. 4(b) is 
fabricated by providing a conventional resist having a 
preformed pattern on top of layer 16c of the structure 
shown in Fig. 4(a) using standard deposition techniques 
which include spin-on coating and dip coating. The pat- 
tern is then etched by standard etching techniques well 
known to those skilled in the art through layers 1 6c, 1 6b, 
1 6a as well as into semiconductor substrate or wafer 10. 
Suitable etching techniques that can be employed 
include, but are not limited to: reactive ion etching (RIE), 
plasma etching and ion beam etching. The depth that 
etching is performed into the semiconductor substrate 
or wafer is typically of from about 100 to about 700 nm. 
It should be noted that the resist is removed at this time 
using conventional stripping techniques well known to 
those skilled in the art. 

[0036] A thermal silicon dioxide layer, not shown in the 
drawings, is then grown in the trench of the raised STI 
region using conventional thermal growing techniques, 
including the use of an oxygen-containing ambient and 
heating to a temperature of from about 750° to about 
1 1 00°C. The thickness of the grown silicon dioxide layer 
in trench 1 4a is typically of from about 3 to about 30 nm. 
A STI dielectric, not shown in the drawings, is then 
formed over the thermal silicon dioxide layer using 
standard deposition techniques such as low pressure 
chemical vapor deposition or a plasma-assisted proc- 
ess. Suitable STI dielectrics include, but are not limited 
to: high density plasma tetraethylorthosilicate (HDP 
TEOS) oxide. It should be noted that in the drawings of 
the present invention, the above two components, i.e. 
thermal silicon dioxide layer and STI dielectric are not 
shown. Instead, STI region 1 4 is meant to include those 
two components as well as others that may be present 
in a conventional STI region. 

[0037] To provide a planar structure, as is shown in 
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Fig. 4(b), the structure is then planarized using standard 
planarization techniques well known to those skilled in 
the art, including, but not limited to: chemical mechani- 
cal polishing, RIE and grinding. 
[0038] Fig. 4(c) shows the next steps employed in fab- 
ricating the structure illustrated in Fig. 3(a). Specifically, 
to the planarized structure of Fig. 4(b) there is formed a 
hard dielectric mask layer 18, e.g. boron doped silicon 
dioxide (BSG), which is then patterned utilizing stand- 
ard lithography techniques and reactive ion etched to 
remove a portion of the hard dielectric mask. The pat- 
terned structure is shown in Fig. 4(c). 
[0039] Next, a storage trench 20 is formed in semicon- 
ductor substrate or wafer 10 using hard dielectric layer 
18 as a masking film. Specifically, RIE using reactive 
gases such as HBr, NF 3 , 0 2 or He is employed in fabri- 
cating storage trench 20. By "storage trench" it is meant 
that etching is performed to a depth of from about 1 to 
about 10 urn. The structure containing storage trench 
20 which forms the capacitor region of the device is 
shown in Fig. 4(d). Hard dielectric mask 18 is then 
removed by an HF- etching process to provide the struc- 
ture shown in Fig. 3(a). 

[0040] It is again emphasized that the above descrip- 
tion provides one way of fabricating the structure shown 
in Fig. 3(a). Other ways of fabricating the structure 
shown in Fig. 3(a) are also known and are thus contem- 
plated herein. 

[0041] In accordance with step (b) of the present 
invention, a bottom electrode 22 is then formed in stor- 
age trench 20 (bottom wall, sidewalls as well as areas 
outside the deep trench) using conventional deposition 
techniques well known to those skilled in the art. For 
example, bottom electrode 22 can be formed by chemi- 
cal vapor deposition, metallo-organic chemical vapor 
deposition, electroplating or electrodeless plating. The 
material employed in forming bottom electrode 22 
includes any conductive oxide which is typically used as 
a bottom electrode of a capacitor. Exemplary conduc- 
tive oxides include, but are not limited to: Ru0 2 , 
SrRu0 3 , La-Sr-Co-O, Ir0 2 and other like conductive 
oxides. In addition to conductive oxides, metals such as 
Pt or Ir can also be used as the bottom electrode. The 
structure containing bottom electrode 22 is shown in 
Fig. 3(b). 

[0042] In an optional embodiment of the present 
invention, a diffusion barrier layer is formed in storage 
trench 20 prior to forming bottom electrode 22. Suitable 
diffusion barrier layers that can be optionally employed 
in the present invention include, but are not limited to: 
TiN, TiAIN, TaSiN, CoSi and other like materials which 
are capable of preventing the diffusion of oxygen into 
the semiconductor substrate or wafer. Chemical vapor 
deposition or physical vapor deposition are two deposi- 
tion processes that can be employed in the present 
invention in forming the optional diffusion barrier layer. 
[0043] After formation of bottom electrode 22, a layer 
of a temperature sensitive high dielectric constant mate- 




rial 24 is formed on the surface of the bottom electrode, 
see Fig. 3(c). The term "temperature sensitive" is used 
herein to denote a material which when in contact with 
silicon and heated to temperatures over 600°C oxidizes 

5 the silicon and degrades by reacting with silicon or by 
breaking up into other compounds. The temperature 
sensitive high dielectric constant material utilized herein 
is however not in direct contact with silicon. It neverthe- 
less becomes unstable by itself at temperatures of 

10 about 550°C and above. On the other hand, the term 
"high dielectric constant material" denotes a material 
which has a dielectric constant relative to a vacuum 
higher than about 7. More preferably, the high dielectric 
constant material employed in the present invention has 

75 a dielectric constant of from about 20 to about 1 0,000. 
[0044] Suitable temperature sensitive high dielectric 
constant materials that can be employed in the present 
invention include perovskite-type oxides such as barium 
strontium titanium oxide (BSTO), lead zirconium tita- 

20 nium oxide (PZTO), strontium bismuth tantalate (SBT) 
and Ta205. The temperature sensitive high dielectric 
constant material is formed on bottom electrode 22 
using standard deposition processes including chemical 
vapor deposition or sputtering. 

25 [0045] A top electrode 26 is then formed on top of tem- 
perature sensitive material 24 utilizing standard deposi- 
tion techniques such as chemical vapor deposition. The 
top electrode may be composed of the same or different 
conductive oxide as the bottom electrode. Thus, top 

30 electrode 26 may- be composed of Ru0 2 , SrRu0 3 , La- 
Sr-Co-0 and Ir0 2 . Alternatively, Pt or Ir can be 
employed. The structure containing top electrode 26 is 
shown in Fig. 3(d). 

[0046] In an optional, but highly preferred embodiment 

35 of the present invention, a conducting barrier layer is 
formed over top electrode 26 prior to filling the trench 
with polysilicon 28. This conducting barrier layer which 
is formed by conventional deposition processes serves 
to prevent interaction between the temperature sensi- 

40 tive high dielectric constant material and the polysilicon. 
TiN, TiAIN, Cosi and TaSiN are some examples of con- 
ducting barrier layers that may be employed in the 
present invention. For clarity, the conducting barrier 
layer is not shown in the drawings. 

45 [0047] The remaining portion of storage trench 20 is 
filled with polysilicon 28, preferably n+-doped polysili- 
con, using standard deposition processes and then the 
polysilicon is recessed using a dry etch containing gas 
such as SF 6 , He, 0 2 or NF 3 to a depth of from about 0.5 

so to about 1.5 urn. The structure obtained from these 
combined steps of the present invention is shown in Fig. 
3(e). 

[0048] It should be noted that the recess process 
mentioned above and the description that follows 
55 regarding Figs. 3(f)-G) refers to processing steps that 
are employed in the present invention in fabricating the 
capacitor in the storage trench region. 
[0049] Next, as is shown in Fig. 3(f), a conformal insu- 
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lating collar oxide 30 is then formed over the semicon- 
ductor substrate or wafer 10 and the sidewalls of 
storage trench 20 which were again left exposed by the 
above recess process. The conformal insulating collar 
oxide is formed by conventional deposition processes 
such as low pressure chemical vapor deposition or 
plasma-assisted chemical vapor deposition to a thick- 
ness of from about 10 to about 30% of the storage 
trench diameter. Dry etching using an anisotropic 
removal processing gas such as C 4 F8, CH 3 R CF 4 , 
C 3 F 8 , CO, 0 2 or Ar is then employed so as to etch mate- 
rial from the wafer plane and the bottom of storage 
trench 20, but leaving material along the sidewalls of the 
storage trench. The trench is then filled with low pres- 
sure chemical vapor deposited polysilicon 32 which may 
or may not be doped and planarized utilizing a dry etch 
or chemical mechanical polishing process. 
[0050] As shown in Fig. 3(g), the low pressure chem- 
ical vapor deposited polysilicon is then recessed to a 
predetermined depth, e.g. 20 to 50 nm, utilizing a dry 
etch process such as previously described herein- 
above. The collar dielectric is then removed using a HF 
containing etch from upper regions of the storage 
trench, See Fig. 3(h). 

[0051 ] The next steps employed in the present inven- 
tion in completing the fabrication of the capacitor in the 
storage trench, which is shown in Fig. 3(i), comprise 
depositing a low pressure chemical vapor deposition 
polysilicon layer 34 which may or may not be doped 
over the structure and then recessing using an aniso- 
tropic dry etch process containing gases such as HBr, 
Cl 2 , HCI, SF 6 , He or 0 2 to a depth of from about 5 to 
about 30 nm below the surface of semiconductor sub- 
strate or wafer 10. 

[0052] Capacitor 36 is then completely fabricated in 
the storage trench by forming a trench top oxide (TTO) 
dielectric film 38 and planarizing to the top of layer 16c, 
See Fig. 3Q). The TTO dielectric film is formed by con- 
ventional deposition processes including low pressure 
chemical vapor deposition or plasma enhanced chemi- 
cal vapor deposition and planarization is carried out 
using one of the previously mentioned planarization 
techniques, e.g. chemical mechanical polishing. 
[0053] Fig. 3(k) shows a structure which includes a 
completely formed gate conductor stack which includes 
preformed gate conductor layers 16a and 16b, as well 
as a polysilicon layer 1 6d, a salicide layer, i.e. WSi, 1 6e 
and cap layer, Si 3 N 4 , 16f. Polysilicon layer 16d is formed 
using the same deposition techniques as is described 
for polysilicon layer 16b. Layer 16e is formed by chemi- 
cal vapor deposition or sputtering and it has a thickness 
of from about 20 to about 200 nm. In regard to cap layer 
16f, that layer is formed by low pressure chemical vapor 
deposition and it has a final deposited thickness of from 
about 20 to about 300 nm. It should be noted that bar- 
rier layer 16c is removed prior to depositing layers 16d, 
e and f. 

[0054] The various gate stack layers are then pat- 
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terned using conventional lithography and a RIE dry 
etch process stopping in gate oxide layer 16a and the 
TTO/STI oxide, See Fig. 3(l). A gate sidewall oxidation 
may be done by conventional process. Sidewall spacers 

5 42, e.g. Si 3 N4, are formed over the patterned gate con- 
ductor stack 40a using deposition techniques well 
known to those skilled in the art. 
[0055] The semiconductor memory structure is then 
fully fabricated as follows: source/drain diffusion regions 

10 50 are formed in the semiconductor substrate or wafer 
10 using conventional ion implantation followed by 
appropriate annealing steps. In Fig. 3(1), 50A repre- 
sents a bitline diffusion region and the MOSFET region 
of the memory cell is defined as comprising patterned 

15 gate stack region 40a, region 50 and region 50A. The 
gate sidewall oxidation and junction anneal steps men- 
tioned hereinabove drive the N+ dopant from polysilicon 
region 28 through polysilicon regions 32 and 34 forming 
a limited buried-strap outdiffusion region 44. The limited 

20 buried-strap outdiffusion region of the present invention 
has a lateral dimension 52 of less than 50 nm. More 
preferably the lateral dimension 52 of the buried-strap is 
from about 15 to about 30 nm. 
[0056] An insulating layer 46 such a boron-phospho- 

25 rous doped glass is deposited over the structure cover- 
ing patterned gate conductor regions 40a, exposed gate 
oxide region 16a, and capacitor 36 using conventional 
deposition processes such as spin-on coating and 
chemical vapor deposition. Insulating layer 46 is then 

30 planarized using one of the aforementioned planariza- 
tion techniques, and borderless diffusion contacts 48 
are formed by standard lithography, dry etching, depos- 
iting a polysilicon layer and planarization. 
[0057] It is noted that the memory cell of Fig. 3(l) is 

35 unlike prior art memory cells since the lateral outdiffu- 
sion of the buried-strap is significantly reduced as com- 
pared with prior art structures. More the distance, 8 2 , is 
greater for the inventive structure as compared with 
prior art structures, like the type shown in Fig. 1 . This 

40 greater distance means that the off-current problem typ- 
ically observed with prior art structures is significantly 
reduced herein. 

[0058] In a DRAM cell in which the designed distance 
43 between the near edge of the trench capacitor and 

45 the far edge of the gate conductor stack 40a is about 1 .5 
times a minimum feature size F of 0.15 urn, the distance 
6 2 is nominally at least 50% of the distance 43. A dis- 
tance 5 2 , of nominally 75% or greater can be achieved 
with the process disclosed herein for a 7F 2 DRAM cell 

50 with F equal to 0. 1 5 micron. 

[0059] While the present invention has been particu- 
larly shown and described with respect to preferred 
embodiments thereof, it will be understood by those 
skilled in the art that the foregoing and other changes in 

55 form and detail may be made without departing from the 
spirit and scope of the present invention. 
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Claims 



1. 



A process of fabricating a trench capacitor semi- 
conductor memory structure comprising the steps 
of: 

(a) providing a semiconductor structure com- 
prising a semiconductor substrate or wafer 
having at least one storage trench region and a 
raised shallow trench isolation (STI) region 
adjacent to said storage trench, said structure 
having preformed layers of a partial gate con- 
ductor stack formed in said substrate or wafer 
which are spaced apart by said storage trench 
and raised STI regions; 

(b) forming a bottom electrode layer in said 
storage trench region; 

(c) forming a temperature sensitive high dielec- 
tric constant material on said bottom electrode 
layer and lining sidewalls of said storage trench 
region; 

(d) forming a top electrode over said tempera- 
ture sensitive high dielectric constant material; 

(e) filling said storage trench region with poly- 
silicon; 

(f) completing fabrication of a capacitor in said 
storage trench region; 



(g) forming a patterned gate conductor region 
from said preformed gate conductor stack lay- 35 
ers; and 



prises a bottom gate oxide layer, a middle layer of 
polysilicon and a top barrier layer, wherein said lay- 
ers are formed sequentially on the semiconductor 
substrate or wafer. 

6. The process of any one of the preceding Claims 
wherein said bottom and top electrodes are formed 
of the same or different conducting material 
selected from the group consisting of Ru02, 
SrRu03, La-Sr-Co-O, Ir02, Pt and Ir. 

7. The process of any one of the preceding Claims 
wherein said bottom and top electrodes are formed 
by a deposition process selected from the group 
consisting of chemical vapor deposition, metallo- 
organic chemical vapor deposition, electroplating 
and electrodeless plating. 

8. The process of Claim 1 wherein prior to step (b), a 
diffusion barrier layer is formed in said storage 
trench. 

9. The process of Claim 8 wherein said diffusion bar- 
rier layer is formed by chemical vapor deposition or 
physical vapor deposition. 

10. The process of Claim 8 wherein said diffusion bar- 
rier layer is composed of TIN, TiAIN, Cosi or TasiN. 



30 11. The process of any one of the preceding Claims 
wherein said temperature sensitive high dielectric 
material is a material which may become unstable 
and also oxidize silicon when exposed to tempera- 
tures over 550rC and has a dielectric constant of 
about 7 or higher, preferably of about 20 to about 
10,000. 



10 



15 



20 



25 



(h) forming subsequent device connections so 
as to complete fabrication of a trench capacitor 
semiconductor memory cell. 40 

The process of Claim 1 wherein said STI region and 
said partial GC stack layers are formed prior to fab- 
rication of said trench storage capacitor. 



12. The process of any one of the preceding Claims 
wherein said temperature sensitive high dielectric 
constant material is a material selected from the 
group consisting of barium strontium titanium oxide 
(BSTO), lead zirconium titanium oxide (PZTO), 
strontium bismuth tantalate (SBT) and Ta2Q5. 



3. The process of Claim 1 or 2 wherein said semicon- 
ductor substrate or wafer is composed of a semi- 
conducting material selected from the group 
consisting of Si, Ge, SiGe, GaAs, InAs, InP and all 
other 1 1 1 N compounds. so 

4. The process of any one of Claims 1 to 3 wherein 
said shallow trench isolation region includes a ther- 
mal silicon dioxide layer and a shallow trench isola- 
tion dielectric. 55 



45 13. The process of any one of the preceding Claims 
wherein said temperature sensitive high dielectric 
constant material is formed by a deposition process 
selected from the group consisting of chemical 
vapor deposition and sputtering. 



14. The process of Claim 1 wherein said polysilicon in 
step (e) is doped with a dopant. 

15. The process of Claim 14 wherein said dopant is a 
N+ dopant. 



The process of any one of Claims 1 to 4 wherein 
said preformed partial gate conductor stack com- 



16. The process of any one of the preceding Claims 
wherein said storage trench region has a depth of 
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from about 1 to about 10 Im. 

17. The process of Claim 1 wherein after step (d), but 
prior to step (e), a conducting barrier is formed on 
said top electrode. 

18. The process of Claim 17 wherein said conducting 
barrier layer is TiN, TiAIN, Cosi or TiSiN. 

19. The process of Claim 14 further comprising subse- 
quent gate sidewall oxidation and anneal steps 
which cause outdiffusion of the dopant from said 
polysilicon into said semiconductor substrate or 
wafer forming a buried-strap outdiffusion region 
whose lateral size is less than 50 nm, preferably 
between about 15 and about 30 nm. 
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to 25, 

said memory cell characterized by a distance 
parameter, said parameter being the lateral dis- 
tance between a near edge of said far source/drain 
5 region and a near edge of said outdiffusion region, 

said parameter having a value of between about 
50% to greater than 75% of a lateral distance 
between said far gate conductor edge and said 
trench edge. 

10 



15 



20. A memory cell comprising 



a capacitor formed in a trench located in a sem- 20 
iconductor substrate or wafer; 



a MOSFET formed in said semiconductor sub- 
strate or wafer, said MOSFET comprising at 
least a patterned gate conductor stack and 25 
source/drain regions, said capacitor and said 
MOSFET being connected by a buried-strap 
outdiffusion region whose lateral outdiffusion is 
less than 50 nm, preferably from about 15 to 
about 30 nm. 30 



21. The memory cell of Claim 20 wherein said buried- 
strap outdiffusion region is positioned adjacent to 
said capacitor. 

35 

22. The memory cell of Claims 20 or 21 wherein said 
semiconductor substrate of wafer is composed of 
Si. 



23. The memory cell of any one of Claims 20 to 22 40 
wherein said capacitor comprises a temperature 
sensitive high dielectric constant material. 



24. The memory cell of Claim 23 wherein said temper- 
ature sensitive high dielectric material is a material 45 
which may become unstable and also oxidize sili- 
con when exposed to temperatures over 550rC 
and has a dielectric constant of about 7 or higher, 
preferably about 20 to about 10,000. 

50 

25. The memory cell of Claim 23 wherein said temper- 
ature sensitive high dielectric constant material is a 
material selected from the group consisting of bar- 
ium strontium titanium oxide (BSTO), lead zirco- 
nium titanium oxide (PZTO), strontium bismuth 55 
tantalate (SBT) and Ta 2 0 5 . 

26. The memory cell according to any one of claims 23 
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